Computational thinking is an increasingly important focus in computer science or informatics curricula around the world, and ways of incorporating it into the school curricula are being sought. The Bebras contest on informatics, which originated 12 years ago and now involves around 50 countries, consists of short problemsolving tasks based on topics in informatics. Bebras tasks engender the development of computational thinking skills by incorporating abstraction, algorithmic thinking, decomposition, evaluation and generalization. Bebras tasks cover a range of informatics concepts including algorithms and data structures, programming, networking, databases and social and ethical issues. Having built up a substantial number of Bebras tasks over 12 years it is important to be able to categorise them so that they can be easily accessed by the Bebras community and teachers within schools. The categorization of tasks within Bebras is important as it ensures that tasks span a wide range of topics; there have been several categorization schemes suggested to date. In this paper we present a new twodimensional categorization system that takes account of computational thinking skills as well as content knowledge. Examples are given from recent tasks that illustrate the role that Bebras can play in the development of computational thinking skills.
Introduction
Attracting youngsters to choose to study computer science or computing (widely known as informatics in Europe) at high school has always been a challenge for computer science educators. The idea of developing a contest in informatics and computer fluency for school students originated in the Institute of Mathematics and Informatics, Lithuania (Dagiene, 2005; . The contest has now been extended to become a "challenge" and is being held in more than 50 countries. The challenge name "Beaver"in Lithuanian "Bebras"was chosen in connection with the hard-working, intelligent, goal seeking and lively wild animal.
The Bebras challenge is an informatics education community-building model and is designed to promote informatics learning at schools by solving short concept-based tasks (Dagiene & Stupuriene, 2016) . Alongside the initial goal of the Bebras project to motivate students to be more interested in informatics topics, there is a strong intention to deepen algorithmic and operational thinking; more recently this is also extended to computational thinking.
Tasks are the most important component for developing computational thinking. In accordance with requirements, each Bebras task should include at least one informatics concept, attract children's attention by a story, picture or interactivity, be short (fit on a computer screen), and not require specific technical knowledge. Part of the task development is the categorization of tasks with the intention of having a broad range of tasks across different content areas.
In this paper we examine the relationship between computational thinking and Bebras challenges with the intention of developing a new categorization system for informatics educational tasks that includes both content areas of computer science (knowledge) and computational thinking (skills). The developed categorization system was presented and tested at an international Bebras workshop in May 2016.
Computational thinking
The term computational thinking was popularised in 2006 with Jeanette Wing's article (2006) but actually originated with Seymour Papert's constructionist learning ideas (1996) . There are differences between these two definitions in that Wing's definition is more focused on problem solving and Papert's definition is more focused on ideas and analysis . Subsequent research has expanded and interpreted the term further (Grover & Pea, 2013; Kalelioglu et al., 2016; Lu & Fletcher; 2009 , Selby & Woollard, 2013 Wolz et al., 2011) .
Computational thinking is not entirely embraced by all; critics suggest that the term is narrowing (Denning, 2009) or that computational thinking processes are widespread in other sciences (Hemmendinger, 2010) . Indeed, definitions of computational thinking tend to be by example (Lee et al., 2011) . However, there is a huge interest in computational thinking as a means of explaining the thinking processes in computer science in school education (K-12) ; in USA computational thinking underlies the new curricular developments of the Computer Science Teacher Association (CSTA) and Code.org; in England, computational thinking is at the core of a mandatory new Computing curriculum from age 5-16; and Google has launched a teacher development MOOC (Massive Open Online Course) purely around computational thinking. Attention has turned to the identification of a set of skills that can be seen to comprise a broad definition of computational thinking, and that encompass the logical and problem-solving skills and thought processes that are applied by computer scientists in their work.
A broad approach to computational thinking sees it as a problem-solving process that includes (but is not limited to) the following characteristics (ISTE & CSTA, 2011) :
 Formulating problems in a way that a computer can effectively carry out.  Logically organizing and analysing data.  Representing data through abstractions such as models and simulations.  Automating solutions through algorithmic thinking (a series of ordered steps).  Identifying, analysing, and implementing possible solutions with the goal of achieving the most efficient and effective combination of steps and resources.  Generalizing and transferring this problem solving process to a wide variety of problems.
The work by Computing At School defines the five key computational thinking skills used in K-12 as 1) abstraction, 2) decomposition, 3) algorithmic thinking, 4) evaluation and 5) generalisation (Csizmadia et al, 2015) . A pertinent question relates to how much computational thinking development is around computer programming. Lu and Fetcher (2009) take the view that computational thinking can be separated from programming, and should be taught before programming teaching starts. Definition of computational thinking includes understanding the consequences of scale, not only for reasons of efficiency but also for economic and social reasons (Wing, 2006) . The Computer Science Teacher Association in USA adds broader attitudes like the ability to deal with complexity and open-ended problems, tolerance for ambiguity, and ability to work with others to achieve a common goal.
The practicalities of the Bebras challenge
The Bebras challenge exists to promote students' interest in the fundmentals of informatics from the very beginning of their school lives and to motivate students to learn and master technology (Dagiene & Futschek, 2008) . One of the drivers of the Bebras community is a shared understanding that learning such fundamental concepts and principles at an early age is very important for a deeper understanding of various computer science topics. Bebras focuses on informatics concepts by supporting an understanding of computer science phenomena and the development of computational thinking.
In practical terms, the Bebras contest is held within school time, and is available to students online using contest management environments or systems set up specifically for this purpose. It is held annually in the second week of November (Bebras…, 2016) . Each contest consists of 18 to 24 questions (tasks) to be solved by the students within 45-55 minutes. The contest is designed for a range of age groups at primary and secondary school students. Different task sets are chosen for different age groups, from 6-7 years old to the oldest students in school. The participants are supervised by teachers who may choose to integrate the contest into their teaching activities. Some countries use the Bebras challenge to strengthen collaborative learning. For example, in Germany pupils solve Bebras tasks by pairs during a contest and discussions are allowed between the pairs.
In the past few years, the number of the Bebras challenge participants has been growing substantially and exceeded 1.3 million in 2015. Many countries (Lithuania and UK among them) then organize a second round, usually face-to-face, by inviting participants who have scored highly to colleges or universities to undertake a further task solving contest.
Databases in Bebras challenge management systems
In order to run the Bebras challenge several contest (challenge) management systems (CMS) have been developed, for example, in Estonia, Finland (together with Sweden), France, Indonesia, Lithuania, Netherlands, Poland, Russia, Serbia, Slovakia, Taiwan, and Ukraine. During the week of the challenge various statistical data are collected in order gather information about students' abilities to solve tasks and their computational thinking. In addition, this information will help to improve informatics education and improve teacher professional development.
The international community uses SVN to share effectively. The repository manages files and directories over time with files stored in a central part of the repository. The repository is much like an ordinary file server, except that it records every change ever made to user's files and directories. This allows user to recover older versions of your files and examine the history of how and when the data are changed, and who did the changes.
It can take some time (more than six months) from the initial uploading of the first version of a Bebras task into the task repository to the presentation of a final version of a task to students during the challenge (Fig. 1) . The international task workshop work together each year on tasks in English; subsuequently each task has to be translated into the appropriate language and then uploaded to the Bebras Contest Management System (CMS).
Fig. 1: Relations between Task repository and CMS
In Lithuania (bebras.lt), a relational database is created to store details of tasks, students and teachers. The data are stored in different tables and relations are established using primary keys or other keys known as foreign keys. MySQL is used as a database management system (DBMS).
The relational database is provided in information engineering notation ( Fig. 2) , where cardinalities means: -one or zero; -one and only one; -zero or many; -one or many. 
Developing Tasks
Tasks are an essential part of the challenge. Developing computer science concept-based tasks for students of different ages is rewarding but sometimes difficult for informatics educators to do. The international Bebras community comprises two computer scientists or teachers from each participating country who are responsible for the creating tasks and organization of the challenge in their countries. Naturally, each country involved has many other individuals (researchers, teachers, students) engaged in creating new tasks, running workshops to discuss informatics concepts, training teachers, and printing brochures with explanations of how the tasks can be solved. In some countries, national task-developing workshops and discussions are held and help to strengthen informatics teacher collaboration. In order to improve the quality of tasks, developers should follow these guidelines: use short sentences; repeat words or phrases; give clear definitions; show a one-to-one relationship between words and objects; use appropriate analogies; and use unambiguous wording (Pohl and Hein, 2015) .
Bebras tasks can be divided in two main types: multi-choice tasks and interactive tasks. Multichoice tasks have four non-trivial and well-defined answer choices with only one correct solution. We think of interactivity as a two-way transfer of information between a user and a machine. Thus an interactive task provides a specification of the problem and in solving it students interact directly with the computer: click spots on pictures, drag and drop objects, select list elements, etc. These tasks can be very appealing to students, especially of primary age. There is a tendency towards more interactive tasks each year. A special tool for creating interactive tasks has been developed, named the Bebras Lodge.
The interactivity of tasks can make the challenge more attractive where interactivity means the manipulation of objects and components. If tasks stem from real life situations, they may be engaging to older contestants. Younger students enjoy the Beaver character and find stories around characters motivating (Vaníček, 2014) .
Tasks can be developed for children as young as age 6 and increasingly countries are extending the challenge to younger, primary-aged children. Contests can be a form of learning and a way to measure to some extent young children's knowledge (Tomcsányiová & Tomcsányi, 2011) . However, there are design considerations around tasks for this age group. Young children may have some digital literacy skills, but it is still important to prepare the tasks for them in an age-appropriate way. Young children read more slowly and do not always understand the text correctly; children at this age need to work with concrete objects within the software and they do not understand abstraction; also children at this age may not be able to focus on a task for a long time.
The task development process is an essential part of the whole challenge. Each task must be unique and relate to at least one informatics concept. Naturally, task development can be difficult and it can be time-consuming to produce many unique tasks (Hakulinen, 2011) .
Findings from recent challenges

Participant statistics
In the past few years, the number of the Bebras challenge participants has been notably growing and exceeded 50 countries worldwide in 2016. The challenge is designed to promote informatics fundamentals to all students, and to be equally engaging for both boys and girls.
Informatics (also Information Technology) is still a male-dominated discipline, but results suggest that girls aged 10-13 manage equally well (or even better) than boys in this challenge (Dagienė et al., 2014) . In the lower secondary school age, there are no significant differences between boys and girls in their interests and performances (Kalaš and Tomcsányiová, 2009) .
One study demonstrated that pupils' performance of tasks increases with age but boys of lower grades have almost identical results to girls in the upper grades (Dagienė et al., 2015) ; this indicates that girls and boys can be equally successful at solving such informatics tasks. However, research in Germany shows that the boys performed significantly better compared to the girls, and that pairs performed better than the singles (Hubwieser and Mühling, 2015) . Another study on the performance of girls and boys in the German Bebras challenge of 2014 found that overall, the boys were more successful (Hubwieser et al., 2016) ; in addition, the difference increased dramatically with the age of the participants. However, it was observed that girls performed better in certain types of tasks (those that were aesthetically pleasing, related to a real life situation, and were relatively easy to solve).
A moderately large number of girls take part in the challenge worldwide year by year. More than 45% of participants in Austria, France, Iceland, Macedonia, Slovakia, Sweden, Switzerland, Turkey and Ukraine in 2015 were girls. Some countries did not provide any data about gender, and 16% of Australian and 23% of UK participants were of unknown gender. France (344 976 students) and Germany (248 084) have the highest numbers of participants in the challenge; however, comparing the participant number to the population, the highest uptake comes from Slovakia (66 842 participants).
More detailed data are given in Table 1 for Lithuanian and UK participants, together with the corresponding distribution of girls and boys. The participants taking part in the challenge are divided into 6 age groups. The distribution of participants by grades is presented in Figure 3 , respectively. The results clearly show that students grades 5 & 6 are the most active participants.
Lithuania
United Kingdom In Lithuania, 43% of students are girls and 57% boys. The number of participating girls is similar to the number of boys in grades from 3 to 6. The lowest number of participating girls is in the Seniors group (2.2 times lower than the number of boys).
Differences between boys and girls are often assumed to be a product of differences in attitudes, interests, aspirations, motivation. But in this case, the difference between the number of boys and girls is also influenced by the number of students in school at each grade. In Lithuanian schools there are more boys than girls. Also, in Lithuania children start school later, at age 7.
In terms of participation, the data show that there are similar numbers of girls and boys taking the challenge until age 12 in Lithuania and age 14 in UK. In the UK students age 14 and above choose optional subjects to take in school. The numbers studying computer science will necessarily drop. As it is likely that teachers will only suggest the challenge to those students who have chosen to study computer science smaller numbers would be expected, and as we see less girls choosing computer science after age 14 and particularly after age 16, this is reflected in the numbers taking the challenge. The number of girls in Lithuania taking the challenge in the 17-19 age group is low for the same reason. The data from UK is less conclusive as it includes a percentage of students (23%) whose gender was not declared.
In summary, the Bebras challenge can be seen to be an event that attracts girls' attention: worldwide more than 40% of participants are girls (we cannot estimate exactly because some pupils do not indicate their gender, also some countries have not yet collected statistical data). There is evidence from some countries that more girls participate at a younger age and more boys take part in the higher grades.
Solving Bebras Tasks
In this section we outline the achievements of students in completing the informatics tasks by presenting data from the 2015 challenge from Lithuania and the UK. The UK ran the competition in 6 age groups and Lithuania in 5.
The data shown in Figure 4 breaks down the scores per age group to show the differences between girls and boys taking the challenge. Scores are grouped and the number of children scoring a range of marks are shown for each age group. Generally, the figures show a normal distribution of scores in solving tasks across all age groups and in both Lithuania and the UK. In terms of achievement, the data also show a normal distribution of scores across girls and boys, meaning that girls are equally represented amongst the high scorers. The exception is the girls in the 10-12 age group in UK where the data suggest that the girls are scoring slightly less than the boys, in that more of them achieve the lower scores. At the senior levels, the small number of girls taking the Bebras challenge still achieve as highly as the boys in the same age group.
In our opinion, these results can provide some evidence to support the case for informatics being accessible to both genders.
In psychometrics, Item Response Theory (IRT) is a paradigm for the design, analysis, and scoring of tests, questionnaires, and similar instruments measuring abilities, attitudes, or other variables. Sets of Bebras tasks can be seen to be types of psychometric test that measure certain joint psychometric constructs (and competencies). It is assumed that the responses of students to a certain set of questions can be described by a certain psychometric model, for example by the monofactorial Rasch Model (Rost, Carstensen, 2002) with one parameter. In this case, the probability of correct answers is considered to depend on the manifestation of this construct in the following way with one parameter:
where θi is the parameter of person i, representing the manifestation of the psychometric construct, and βk the parameter of item k, representing its difficulty. Under this assumption, one can estimate the person and item parameters for all k and i from the results of the contest. After this estimation, by calculating the probability P in the equation, the expected number of occurrences E(r) of all possible response patterns r can be calculated. For p dichotomous questions, we have 2p response patterns (i.e. combinations of 0s and 1s with the length p). The expected frequencies are then compared to the actually measured pattern frequencies O(r). On the differences, a X 2 statistic is applied (Hubwieser, Mühling, 2014a; 2014b; Bellettini, et al., 2015) .
In this paper we are not focusing on evaluation so a deeper application and analysis is not provided.
Categorization of Bebras Tasks
In education, tasks (problems, questions) pay a significant role in engaging learners and keeping their motivation (Dagiene, 2010) . Tasks should be chosen from a range of topics and contexts, using real data and an engaging scenario. The development of tasks for an educational contest is very important: they must cover fundamentals and as many sub-areas of discipline as possible. Moreover, the tasks have to be selected carefully, with regard to the different aspects of each task (i.e., how the topic is pitched) and interpretation of its attractiveness to pupils (whether it stimulates learning and discovery).
In general, it is important to develop a categorization system or taxonomy of educational tasks. Categorization is the basic cognitive process of arranging objects (in this case Bebras tasks) into categories, is a fundamental process in human and machine intelligence and is central to investigations and research in cognitive science (Cohen, Lefebvre, 2005) . According to Jacob (2004) , categorization is the process of dividing the world into groups of entities whose members are in some way similar to each other.
Since the Bebras project began there has been an interest in classifying and categorising tasks. Early on in the project the following seven categories were used (Opmanis, et al., 2006) : 1) General logic; 2) ICT (Information and Communication Technology) in everyday life; 3) Practical and technical issues; 4) Information comprehension; 5) Algorithms and programming; 6) Mathematics underlying computer science; 7) History and trivia. These categories were also used for developing new tasks as the main criteria to know which informatics topics and concepts need to be covered. Few years later the Bebras tasks' categories were revised and a modified system was proposed (Dagiene & Futschek, 2008) : 1) Information comprehension, 2) Algorithmic thinking, 3) Structures, patterns and arrangements, 4) Puzzles (logical), 5) Using computer systems, 6) Social, ethical, cultural, international, and legal issues.
Countries are able to choose tasks that suit their school contexts from a large set of tasks (task pool) to which each participating country contributes every year. Lithuania uses the same task set as Austria, Germany, Hungary, Switzerland, Netherlands, as well as Finland and Sweden for all age groups except grades 3 and 4. This task set is also used by many other countries with various small changes. Although Lithuania and UK do not choose the same task set, there is a large overlap between those chosen. Here we look at the categories of tasks chosen by these two countries (the countries of the authors of this paper). Using a categorization system (2008 version) a recent set of tasks are shown in Table 2 (only task names). This gives an indication of kinds of problems and corresponding informatics topics included in the Bebras challenge. As can be seen from Table 2 , the most popular category is Algorithmic Thinking with 31 tasks; the category Structures, patterns and arrangements has less than half of this number -16 tasks, then Information comprehension got 8 tasks, Puzzles (logical) -6 tasks, Social, ethical, cultural, and legal issues and Using computer systems -3 and 2 tasks respectively. Some tasks belong to more than one category.
This categorization system has been used to the present day; however, there have been several criticisms (for example, in the paper of Kalas & Tomcsanyiova, 2009 ). In addition, limitations have become apparent over time. The limitations of this categorization are as follows:
1. The category system is too coarse. 2. The categories overlap (e.g. Information comprehension and Structures, patterns and arrangements), which makes it difficult to assign tasks. 3. The tasks are not evenly distributed across categories. 4. Many tasks may belong to several categories. 5. The category "puzzle" is too general and of a different nature to the other categories. Slovakian researchers had proposed an alternative categorization of the Bebras tasks (Kalas & Tomcsanyiova, 2009 ) using only four categories: 1) Digital literacy; 2) Programming; 3) Problem solving; 4) Data handling. However, their system has not been adopted for use in the Bebras challenge. Their proposed categories are too general and overlap each other. Digital literacy is very broad area and can involve many skills. Problem solving is a general skill and can incorporate data handling and programming as well. This analysis informs our development of a new fine-grained classification system.
A further reason to renew the categorisation system is that the Bebras project objectives have changed, reflecting the global shift of focus from computer fluency to computational thinking. Bebras is now officially named as the international challenge on informatics and computational thinking; thus the categorization of tasks must include the ways in which computational thinking skills can be developed through completing the challenge.
In order to develop a fine-grained classification, we need task categories which combine the following aspects: 1) Computational thinking skills 2) Areas of "content competences" used to define educational standards for computer science education in school.
An example of 2) might be classifying tasks as: information and data; algorithms; languages and automata; informatics systems; and informatics, man, and society (Pohl & Westmeyer, 2015) . Bebras tasks can include a wide range of concepts within informatics including algorithms and programs, both sequential and concurrent; data structures like heaps, stacks and queues; modelling of states, control flow and data flow; human-computer interaction; graphics; etc. Using a clear problem statement nearly all aspects of computer science as well as information technologies can be topics of Bebras tasks.
A new categorisation system: two-dimensional approach
In Section 4 we saw that the categories have changed for Bebras tasks over the years the contest has been in existence. Here we introduce a revised set of categories which take into consideration the fact that completing a Bebras task demonstrates skills in computational thinking.
The area of computational thinking covers a range of different skills relating to problem-solving. The issue becomes the need to select a categorization system which is true to the definition of computational thinking whilst encompassing the range of skills that students utilize when solving Bebras tasks. There are two advantages to incorporating this into the revised category system:
1. Task development can focus more closely on how computational thinking skills are being developed or utilized; 2. Teachers and students can relate the learning from the task to their understanding of computational thinking when the tasks are discussed in the lessons following the contest.
Informatics concepts: knowledge level
Based on previous category systems with relation to content, the content of school informatics can be divided into five areas (content categories):
1. Algorithms and programming, including logical reasoning 2. Data, data structures and representations (includes graphs, automaton, data mining) 3. Computer processes and hardware (includes anything to do with how the computer worksscheduling, parallel processing) 4. Communications and networking (includes cryptography, cloud computing) 5. Interaction (Human-Computer Interaction, HCI), systems and society (all other topics!)
For practical use, when developing informatics tasks, a precise description of each category is needed. One way of achieving this uses keywords. A suggested set of keywords for each of these informatics domain areas is shown in Table 3 . Keywords are important to assist in the categorization. They will also be important to teachers who wish to find tasks that fit with the topic being taught in the curriculum (Dagiene & Sentance, 2016; Yang & Park, 2014) . Therefore, keywords information should be retained with the task to help Bebras users select from previous tasks and identify teaching topics around Bebras tasks.
Computational thinking: skills level
A suggested categorization of computational thinking skills follows the work of Selby and Woollard (2013) and which has been adopted by Computing At School in the UK in developing guidance on computational thinking for teachers (Csizmadia et al, 2015) . This describes aspects of computational thinking skills exhibited by learners as falling into the five categories below:
1. Abstraction 2. Algorithmic thinking 3. Decomposition 4. Evaluation 5. Generalisation The use of keywords will be slightly different for computational thinking skills. Classifiers need to know how to identify if that skill may be used to solve that task (Table 4 ). One of the difficulties is that we can only presume how the learner solves the task which may be a different way to the way the task setter might solve the task. This means that more than one computational thinking skill may be associated with each task. We are suggesting a maximum of three. 
A two-dimensional categorisation system
Incorporating both described categorisation systems (sections 5.1 and 5.2), we can compose a twodimensional system which can be represented as shown in Table 5 . The suggested categorisation system incorporates both computational thinking skills and informatics concepts in the classification of tasks. The presentation of this schema as a 2-D matrix merely indicates that every computational thinking skill can occur with each of the concept ideasthere is no dependency between the two classifiers. In practical terms, a task should be allocated one informatics content area only but may have up to three computational thinking skills identified. Computational thinking skills are more difficult to clearly define and identify in a task as they are dependent on the approach taken to solve the problem; thus some flexibility is needed here.
The categorisation system could be used in addition to encourage the development of tasks that use a variety of computer science topic areas as well as computational thinking skills. In other hand, this system helps informatics teachers to choose the content of lesson and provides effectively to select the tasks according the particular topic (Fig. 5 ). The matrix presented in Table 5 demonstrates that this schema can be seen as two-dimensional. In practical terms, a template has been designed for developers to assign categories to tasks, including keywords. (Table 6 ). Although more complex, this new system captures more information about the task in a way that will be accessible and will support both task setter and teacher.
Evaluation of the new categorisation system
Before arriving at the system described above, other suggestions have been considered along the way. In seeking to both address the limitations of previous categorisation and to have a system that was easily understood the authors needed to consult with informatics educators, particularly with the Bebras community.
An expert evaluation was planned during the annual Bebras community meeting in May 2016, where there would be representatives from almost every country in the community. There were around 80 members of the Bebras community present and an early version of the proposed system was explained and exemplified.
Feedback was taken from the members of the Bebras community and members were given tasks to categorise according to a version of this system. Feedback was taken both verbally and in writing and the comments of the community were used to refine the system.
In particular, the experience of sharing the categorisation illuminated some of the points raised above:
-Clear illustration of computational thinking skills with examples is needed as we cannot have assumed that any knowledge of these is shared in the community; -Keywords are essential both to illustrate the informatics domains and the computational thinking skills to assist categorisers; -Categorisers need to focus on the experience of the student solving the problem and not the task setter (expert) in assigning both concept and Computational Thinking skill. The informal evaluation of the categorisation informed the proposed schema, but it will be formally evaluated in the next round of the Bebras challenge. In this paper we are seeking to propose this as a new categorisation and exemplify it with a number of recent tasks.
We present here some typical Bebras tasks and discuss the concepts that may be learned by these tasks. These tasks illustrate that we want to let the students discover the informatics concepts by themselves. To solve the tasks, the participants have to explore the stated problem domain and have to work with data, structures, activities and problems which are typical for informatics. Usually there are many different ways for finding a solution and thus the contest also supports students that prefer different types of solution strategies.
Six examples follow which illustrate the way that individual tasks can be categorized (Table 7) . The tasks have been written by representatives from various countries within the Bebras community. Each task has been further developed within the community at task workshops. 
Bowl factory (Malaysia)
A sets of 6 different sizes bowls are moving on a long conveyor belt. The bowls need to be sorted by swapping any two neighbouring bowls.
Question is how many workers should be put along the conveyor to sort the set of bowls.
Algorithms and programming
An algorithm Algorithmic thinking Sorting
Bubble sort algorithm
Beaver the alchemist (Russia)
There is a schema which shows how objects can be converted to another objects. The given rules explained how many objects we need in order to get a particular object. The task can be solved by interpreting rules of converting.
Data, data structures and representations
Graph
Algorithmic thinking Schema Decomposition
Data structures
Reaching the target (Belgium)
In this task an archer need to locate a target with his arrow using the minimum number of attempts. In this task, a series of cooking steps are given and the task is to find the shortest time that the whole meal can be cooked using several pans in parallel. This task is about the use of copyright legislation and procedures to decide what is an ethical approach in a given situation.
Algorithms and programming
Computers processes and hardware
Interactions, systems and society
Copyright Evaluation Ethics 7. Discussion As the Bebras challenge has become so widely known and used in schools in so many countries, any change of categorisation system should be evaluated carefully. In our initial development of the new categories we have consulted with members of the Bebras community and presented an earlier version of the proposed system. The resultant system incorporates feedback from Bebras task developers and organizers from several countries. There are additional considerations that will have an impact on the implementation.
Firstly, this approach is more complex than the previous one. This will give us a more finelygrained classification that will produce much more useful output as the number of available tasks for teaching increases. However, a more finely-grained system requires more knowledge and understanding to implement correctly. It may be that task developers in different countries are not able (or willing) to assign this level of detailed categorization to each Bebras task. The question will arise as to who will carry out the categorization after the tasks have been chosen by the Bebras international workshop participants.
Secondly, computational thinking may not be familiar to all participating countries and understanding of the component skills presented here may not be shared. The community will need clear examples of computational thinking skills in Bebras tasks and explanations should be available to ensure some consistency of allocation of computational thinking skills to task.
Thirdly, related to this, we will need to develop some precision in allocating computational thinking skills to tasks. The description by Wing (2008) may lead us to think that computational thinking is everywhere and the composite skills all crop up in all tasks. A liberal interpretation such as this may render the computational thinking skill allocation to be meaningless. Computational thinking skills should only be allocated to a task where there is some element of computer science in the task that develops this skill.
With due attention to the points raised above, the purpose of this development is to build up a bank of Bebras tasks from recent years which are categorised using this framework. This will enable teachers and others to find useful tasks that they can use in the curriculum. It will also help task developers to focus on writing tasks around topics that are under-represented in the bank of tasks. An online search facility could be implemented to assist teachers looking for Bebras tasks on certain topics via keywords, concepts or computational thinking skills.
Conclusion
In this paper a categorisation for Bebras tasks has been presented. This will be useful to task developers who hopefully will be able to spread new tasks over a range of categories. It will be most useful to teachers in school once tasks are classified according to this system: tasks can then be selected from previous contests that fit particular criteria to support either curriculum teaching or practice for the Bebras contest.
Tasks are very important both for competitors (students) and task developers (teachers): students should be encouraged to think about computer science, educators should think about harmonization of syllabus of informatics. Creative, interesting tasks are the main driver for the Bebras contests and motivation students to learn informatics.
